We describe an unusual case of partial atrioventricular septal defect with malalignment of the septum primum to the left atrium with respect to the ventricular septum, committing the tricuspid valve to both ventricles (double-outlet right atrium). Abnormal attachment of the septum primum to the lateral aspect of mitral annulus resulted in left atrial outflow obstruction. The patient underwent successful surgical correction.
Introduction
Atrioventricular septal defects are a spectrum of anomalies of the atrioventricular junction, related to abnormal development of the endocardial cushions and inlet septum. An interesting variant of this spectrum is double-outlet right atrium (RA) where the deviated septum primum alters atrial commitment to the ventricles. We describe a patient with this anomaly in whom abnormal attachment of the septum primum to the left lateral endocardial cushion could be demonstrated by echocardiography.
Case report
An 18-year-old girl with Turner's phenotype was investigated for exertional dyspnea. Her arterial oxygen saturation on room air was 97%. Echocardiography showed the usual arrangement of atrial appendages and a left-sided cardiac apex. She had a partial atrioventricular septal defect with a 12-mm ostium primum atrial septal defect (ASD) and two separate valve orifices. The free edge of the septum primum was deviated to the left atrium (LA) with attachment near the lateral mitral annulus towards the posterior aspect of the LA, with a significant transmitral pressure gradient (mean 12 mm Hg) in the supra-mitral region, related to this deviation ( Figure 1 ). The interventricular septum was intact. All pulmonary veins connected normally to the LA with a normally located LA appendage. There was no additional ASD, and egress of the LA blood was across the supra-mitral stenotic segment. There was a left-to-right shunt across the defect during systole and diastole, and moderate mitral regurgitation related to a mitral leaflet cleft. The malaligned septum primum directed the mitral regurgitation jet into the RA. Bilateral superior venae cavae were seen, with a persistent left superior vena cava draining into the coronary sinus. There was mild pulmonary valve stenosis with a peak instantaneous gradient of 25 mm Hg. The aortic arch and descending aorta were normal. Transesophageal echocardiography demonstrated attachment of the deviated septum primum to the lateral mitral annulus ( Figure 2 ). Cardiac catheterization showed elevated left-sided filling pressures (Table 1 ) and a pulmonaryto-systemic blood flow ratio of 2.3:1. There was no evidence of peripheral pulmonary stenosis. On surgical exploration, abnormal attachment of the septum primum to the lateral mitral annulus was observed. The deviated septum primum was excised with closure of the septal defect and repair of the mitral cleft. The left superior caval vein was anastomosed to the RA appendage, and the coronary sinus was unroofed because the dilated coronary sinus was noted to contribute to mitral inflow obstruction. Follow-up echocardiography showed no obstruction across the mitral valve ( Figure 3 ) and mild to moderate mitral regurgitation. The patient remained well at the 2-year follow-up with no pulmonary hypertension as estimated by right ventricular systolic pressures on echocardiography.
Discussion
The pathogenesis of atrioventricular septal defect involves abnormal development of the superior and inferior endocardial cushions and deficiency of the inlet ventricular septum. 1 The free edge of the developing septum primum cannot attach to the superior and inferior endocardial cushions because they are deficient, resulting in an ostium primum ASD. However, the free edge of the septum primum can get attached to the left lateral endocardial cushion, resulting in its deviation into the LA. This commits the RA to both ventricles, resulting in double-outlet RA.
2 Double-outlet RA can also arise secondary to rightward malalignment of the interventricular septum with varying degrees of right ventricular hypoplasia. 3 In the atrial variant, atrial septal malalignment can occasionally result in obstruction to egress of blood from the LA. If the obstruction is complete, the sole egress for LA blood would be another proximal ASD, resulting in physiology similar to cor triatriatum. 4, 5 Partial obstruction of LA outflow can present with features of supra-mitral obstruction besides an interatrial communication. 6 However, the size of the septal defect is inherently small, limiting the magnitude of the shunt.
In this patient, we observed that the free edge of septum primum was attached near the lateral mitral annulus posteriorly. Embryologically, the left lateral endocardial cushion contributes to the formation of the posterior mitral leaflet. This could explain the attachment of the free edge of the septum primum at the posterior aspect of the mitral annulus. 7, 8 More anteriorly, there was a communication between the LA and left ventricle through the mitral valve. This communication was the ASD as well as left ventricular inflow. In this situation, the relatively proximal LA outflow obstruction does not contribute to an increase in interatrial left-to-right shunting, unlike in the usual mitral stenosis associated with an ASD. The major contributor to the shunt was the mitral regurgitant flow that was directed into the RA due to septal malalignment, resulting in an obligatory shunt. Although the RA was committed to both ventricles, systolic mitral regurgitation and the diastolic left-to-right shunt across the primum ASD due to elevated LA pressure prevented right-toleft shunting or systemic desaturation. The peculiar arrangement of the interatrial septum also facilitated streaming of oxygenated blood into the left ventricle. Double-outlet RA was associated with two adequatesized atrioventricular valves and ventricles in this case, which facilitated biventricular repair.
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